To present the experience with percutaneous nephrolithotomy (PCNL) at a high-volume Brazilian centre and to evaluate Guy's stone score (GSS) as a predictor of success and complications in PCNL.
Introduction
Percutaneous nephrolithotomy (PCNL) remains the standard procedure for large renal calculi according to the European Association of Urology guidelines [1] . PCNL was introduced in 1976 [2] , and since then, the operating technique and endoscopic equipment have undergone considerable evolution, increasing success rates and decreasing morbidity.
Despite the widespread use of this surgical technique, few studies have considered experiences in Brazil or the results of this type of treatment for nephrolithiasis. One study by Vicentini et al. [3] described a Brazilian series of 153 patients and reported outcomes similar to those in the international literature.
Distinguished groups have published different methods to classify the stone burden in an attempt to provide a universal efficient preoperative method by which to differentiate groups according to the difficulty of achieving success. In 2011, Thomas et al. [4] published Guy's stone score (GSS), a simple method of stratifying renal calculus complexity, with high interobserver agreement and correlating well with success and complication rates.
In the present study, we report the results of PCNLs performed in a Brazilian tertiary care centre with dedicated endourological staff. We also sought to validate GSS as a valuable tool for predicting PCNL outcomes in a large population.
Patients and Methods

Study Population
A prospective analysis was performed, including all patients who underwent PCNL between June 2011 and October 2016 in a Brazilian urological centre. Our population was composed of patients aged >14 years.
Indications for surgery were renal stones >2 cm in size and symptomatic stones <2 cm in which first-line techniques (shockwave lithotripsy or ureterorenoscopy) failed.
Prior to surgery, the following patient characteristics were obtained and analysed: age; sex; body mass index; American Society of Anaesthesiologists' physical status classification; haemoglobin level; previous surgeries; stone size; history of spina bifida or spinal injury; and GSS. GSS was determined by the urologist during the preoperative consultation and was confirmed just before the surgery. All urologists were previously trained in GSS. In case of divergence, the most experienced urologist made the final decision.
GSS consists of four grades, defined as set out below:
1. GSS1: a solitary stone in the mid and/or lower pole or in the renal pelvis with normal anatomy (normal anatomy = no dilation, infundibular stenosis, calyceal diverticulum, PUJ obstruction, no malrotated, pelvic or horseshoe kidney, and a simple collecting system); 2. GSS2: a solitary stone in the upper pole, multiple stones in a patient with simple anatomy, or a solitary stone in a patient with abnormal anatomy; 3. GSS3: multiple stones in a patient with abnormal anatomy or in a calyceal diverticulum or partial staghorn calculus (defined as a stone evolving in the renal pelvis and at least two calices); 4. GSS4: a complete staghorn calculus (all calices and the pelvis occupied by stones) or any stone in a patient with spina bifida or a spinal injury with clinical neurological alterations.
Operating Technique
We performed PCNL under general anaesthesia. The patient was positioned in the prone or supine position. Both types of positioning are used in our centre. Positioning was solely based on surgeon preference. The surgeons were trained in both positions. For prone positioning, we followed the classic method described by Clayman et al. [5] . For supine positioning, we used the modified complete supine position that has been previously described [6] .
For both decubitus, we used fluoroscopy to obtain a preoperative renal calculus image and to estimate its size and radiopacity. A cystoscopy was performed, and a ureteric catheter was introduced into the ipsilateral ureter. A retrograde pyelogram was obtained, allowing visualization of the renal anatomy, the position of the calyces, the degree of pelvicalyceal dilation, and the calculus location. Calyceal puncture was performed by the main surgeon under fluoroscopic guidance. The puncture site was created in the calyx to achieve maximum stone clearance with minimal torque on the calyceal system and to avoid local complications, such as hydrothorax, liver and spleen lacerations, and colon perforations. Subcostal skin punctures are preferred, but supracostal punctures through the 11th and 10th intercostal spaces are also used when necessary. Sometimes, complex and large stones demand more than one calyx puncture to access the whole stone. All punctures are generally made at the beginning of the procedure. After successful calyceal puncture, a straight hydrophilic guidewire was introduced through the puncture needle, and whenever possible, through-and-through access was obtained (i.e. the guidewire was exteriorized through the patient's urethra). After securing the guidewire, the tract was dilated. In our centre, semirigid plastic set dilators (Amplatz's dilators) are used to dilate the tract up to 30-F under fluoroscopic guidance. Through the Amplatz sheath, a rigid nephroscope was introduced, calculi were visualized, and lithotripsy was initiated. From June 2011 to June 2014, we used an Olympus CyberWand TM Dual Ultrasonic Lithotriptor System (Gyrus ACMI, Southborough, MA, USA) as our energy source for lithotripsy. Thereafter, we began using a Swiss LithoClast â Master ultrasonic lithotripter (EMS Electro Medical Systems, Nyon, Switzerland), which has a similar lithotripsy pattern. Whenever necessary, a flexible nephroscope was also used to achieve stone-free status. Smaller stones were removed intact by retrieval baskets, while larger stones were fragmented by a holmium laser.
At the end of the procedure, stone clearance was confirmed by fluoroscopy and by direct visualization through the nephroscope. Whenever possible, we performed a tubeless PCNL (i.e. without placing a nephrostomy tube). We do not perform a tubeless procedure in our centre in the following situations: presence of residual fragments (RFs); significant intra-operative bleeding; significant collecting system injury; potential persistent bacteriuria or pyonephrosis; or a solitary kidney.
Outcome Evaluation
The intra-operative variables analysed in our PCNLs included patient positioning, number of puncture tracts, sites of puncture, operating time, tubeless PCNL rate and fluoroscopy time.
All the patients were submitted to abdominal non-contrastenhanced CT on postoperative day 1 to verify RFs and to evaluate surgical complications.
Finally, during the postoperative period, we analysed PCNL success rate, postoperative haemoglobin level 12 h after the surgery, need for red blood cell transfusion, complications (using the Dindo-modified Clavien system) and length of hospital stay. Success was defined as the absence of fragments >2 mm on postoperative day 1 CT, based on the study by Raman et al. [7] , which showed that RFs >2 mm are more likely to require secondary surgical intervention. We also opted to consider as a relative success the absence of fragments >4 mm, based on another study by Raman et al. [8] published 1 year later, which showed that follow-up flexible nephroscopy is not economically advantageous in all patients with RFs after PCNL. It was demonstrated that follow-up flexible nephroscopy incurred lower costs for RFs >4 mm but not for RFs ≤4 mm. Stone-free status was defined as the absence of any RFs after PCNL.
Statistical Analysis
Statistical analysis was performed using SPSS software, version 23 (SPSS, Inc. Chicago, IL, USA). The results are expressed as mean AE SD and range. GSS was the independent variable in our analysis. When comparing GSS with a continuous variable, we used one-way ANOVA. When comparing GSS with a categorical variable, we used the chi-squared test or Fisher's exact test. Significance was set at P < 0.05.
Results
We performed 1 066 PCNLs in 891 patients. Table 1 shows the preoperative characteristics of these patients. We operated on 215 GSS1 cases (20.2%), 293 GSS2 cases (27.4%), 373 GSS3 cases (35.0%), and 185 GSS4 cases (17.4%).
A total of 105 PCNLs (9.8%) were performed with patients in the prone position, while the remaining 961 PCNLs (90.2%) were performed with patients in the supine position. The success rate was assessed using CT obtained on postoperative day 1. We defined success as RFs <2 mm. The overall success rate was 43.8%; 467 of 1 066 PCNLs achieved an immediately successful result; however, when we stratified the cases according to GSS, we observed that the success rate was inversely proportional to the calculus complexity. GSS1: 81.4% success; GSS2: 48.8% success; GSS3: 30.3% success; and GSS4: 19.5% success (P < 0.001).
The mean haemoglobin level decreased after PCNL and was 2.08 AE 1.34 g/dL, and blood transfusion was necessary for 51 of 1 066 PCNLs (4.8%). Table 3 shows the intra-operative and postoperative complications according to the Dindo-modified Clavien classification, stratified according to GSS. The overall complication rate was 14.3%. Thirty-six patients (3.4%) had complications classified as Clavien 1, 54 (5.1%) as Clavien 2, 38 (3.6%) as Clavien 3, 20 (1.9%) as Clavien 4, and 4 (0.4%) as Clavien 5.
The rate of complications increased with the complexity of the case. The complication rates for GSS1 cases was 7.0%, for GSS2 it was 11.9%, for GSS3 16.4%, and for GSS4 22.2% (P < 0.001). When considering major complications (Grades 3-5), we observed a similar pattern of progression: GSS1: 7 cases (3.3%); GSS2: 10 cases (3.4%); GSS3: 29 cases (7.5%); and GSS4: 17 cases (9.2%; P = 0.010). Figure 1 shows the clear tendency towards lower success and more complications with increasing GSS.
When we considered only patients whose stones were classified as GSS4, 175 patients had complete staghorn calculi (94.6%), and 10 patients had neurological alterations related to spinal injuries (5.4%). Table 4 outlines the outcomes of each group.
The overall tubeless rate was 19.9%. The mean length of hospital stay was 54.55 AE 37.96 h. 
Discussion
Epidemiological data on nephrolithiasis in Brazil are limited, and there is no population-based information about the incidence or prevalence of urolithiasis. According to the Brazilian Public Health System Database (DATASUS), there were 2 825 hospital admissions for the procedure 'percutaneous nephrolithotomy' between November 2015 and October 2016 in Brazilian public hospitals [9] . From 1998 to 2012, the number of surgical interventions for stone disease in Brazil increased significantly, from 10 080 to 24 713 (+145%). During that period, the number of PCNLs performed increased greatly (+791.8%) [10] . By contrast, developed countries, such as Canada and the USA, have had stable utilization of PCNL over the last few years. In a population-based study, Ordon et al. [11] showed that the utilization of PCNL remained stable over time from 1991 to 2010 (7% of all procedures). Ghani et al. [12] obtained the records of patients submitted for PCNL between 1999 and 2009 in the USA. They determined that PCNL use increased in men and women from 3.0/100 000 and 2.99/100 000 to 3.63/100 000 and 4.07/100 000, respectively, representing distinctly lesser increases than those observed in Brazil. Over the next few years, this trend may also be observed in developing nations, such as Brazil, and the number of PCNLs performed may stabilize.
Traditionally, PCNL was performed only in the prone position; the first case series of PCNLs performed in the supine position were described in 1998 by Valdivia Uria et al. [13] . Supine positioning with its variations may be less popular because of deficiencies in training [14] ; however, the use of the supine position and its variations has been increasing and it is currently being used in 20% of centres worldwide [15] . In the present study, most patients underwent PCNL in the supine position. We performed 961 PCNLs in the supine position (90.2%) and 105 (9.8%) in the prone position. At the beginning of our series, a similar number of PCNLs were performed in the supine and prone positions; however, as time has progressed, supine procedures have greatly overtaken prone procedures. Patient positioning in the present study was based only on surgeon preference; however, irrespective of the case or its complexity, our staff currently perform almost all PCNLs in the supine position, which reflects the global trend. Recently, Sofer et al. [16] analysed the transition from prone to primarily supine PCNLs. Similar clinical outcomes were observed for both the prone and supine positions, but Sofer et al. noted that implementation of the supine PCNL reached 96% in 3 years. In addition, both the surgeons and anaesthesiologists expressed their unanimous preference for the supine position over the prone position. In short, despite the similar results, surgeons generally prefer the supine position once they begin using that position, and this trend was also observed in the present study.
Thomas et al. [4] developed GSS to grade the complexity of PCNL and to predict the stone-free rate after PCNL. GSS is easy to use and reproducible. In their original study, Thomas et al. assessed 100 patients and showed that GSS was the only factor that significantly and independently predicted the stone-free rate. None of the other factors tested, including stone burden, operating surgeon, patient weight, age and comorbidity, were correlated with the stone-free rate.
Other studies have also attempted to validate GSS as a powerful tool for predicting success and complications. Ingimarsson et al. [17] published a series of 166 patients who showed that higher GSS was associated with decreased stone clearance. Vicentini et al. [3] reported similar results, describing 147 patients submitted to PCNL, and they found that GSS based on CT findings accurately predicted success rates and complications after PCNL.
Compared with findings in the literature, we had a relatively low stone-free success rate. One factor that could have contributed to our low rate was that we treated a large proportion of complex cases. More than half of our series corresponded to GSS3 and GSS4 cases. Moreover, the success rate was assessed by CT performed on postoperative day 1, which is an extremely rigorous criterion. We defined success as RFs <2 mm. Our overall success rate was 43.8%. The CROES PCNL Global Study [18] evaluated 5 803 patients, and their surgeries were successful in 4 336 (75.7%) cases. The CROES PCNL Global Study is the largest prospective database of patients who have been treated with PCNL reported to date; however, in the CROES study, the authors noted that success rates were most commonly determined by conventional radiography, and only 14% of stone-free patients were confirmed by CT. They also stated that the true overall stone-free rate was probably lower than they reported, given the lower sensitivity of plain film radiography compared with CT. The present results were therefore to be expected and can be considered more trustworthy, given that 100% of our patients underwent CT on postoperative day 1.
We chose a threshold of 2 mm to define success based on the findings of Raman et al. [7] . These authors found that RFs >2 mm independently predicted a stone-related event (hazard ratio 3.9, 95% CI: 1.3-11.5; P = 0.01). A stone-related event was defined as growth of a RF, need for an emergency room visit, hospitalization, or additional interventions specifically aimed at alleviating symptoms, relieving obstruction or removing the target RF. Raman et al. published a study 1 year later that suggested that it was not cost advantageous to perform a second-look nephroscopy in patients with RFs of ≤4 mm in size [8] , which is why we also used this threshold in the present study and considered it a relative success.
Altunrende et al. [19] also studied the natural history of RFs after PCNL for~28 months and used an RF threshold of 4 mm. Progression was relatively common in their study. In that study, 26.3% of patients had symptomatic episodes related to RFs, and 21.1% exhibited an increase in the size of RFs. This finding strengthens the conclusion that 4 mm is probably not a good threshold for RFs and that stricter criteria should be applied. Many articles have used the definition of success of treatment as the patient being stone-free after 30 days post-treatment. We chose to perform only abdominal CT on postoperative day 1 for several reasons: it better reflects the real result of PCNL, as many calculi can pass spontaneously 1 month after surgery; CT is the 'gold standard' diagnostic tool for renal stones, and the results are reliable, in contrast to plain radiography and ultrasonography; and our results came from a public health institution, where the population consisted mainly of people with low socio-economic status, among whom an absence of postoperative office visits was not negligible. Performing CT while the patient is still in the ward, therefore, helps prevent loss to follow-up. This fact precluded having an accurate final success rate after 30 days.
As previously described, our series included a large proportion of patients with GSS3 and GSS4 stones (35.0% and 17.4%, respectively), thus increasing the rate of RFs. Despite this outcome, our analysis warned us of the need to obtain better success rates with complex calculi. To obtain better success rates in patients with GSS3 and GSS4 stones, we will expand flexible nephroscope usage during PCNLs, and eventually, we will also perform endoscopic combined intrarenal surgery [20] .
It is known that complication rates are higher in patients with GSS4 stones [3] . In attempts to decrease the number of complications, reduce the operating time and limit blood loss, we opted to perform two or more PCNLs to remove the stones of some patients, rather than perform only one aggressive procedure with greater risks. This approach could also have contributed to fewer successes in the final analysis.
In addition, patients with GSS4 stones comprise two types of patients: patients with staghorn calculi and patients with neurological alterations caused by spinal cord injuries. In the present series, we performed PCNL on only 10 patients of the latter category, precluding an adequate statistical comparation between the groups; however, comparing the outcomes of PCNL in both categories of patients in Table 4 , we observed that staghorn calculi were much more challenging cases and had worse results than those achieved in neurological patients, who had outcomes similar to patients with stones in the GSS3 category. Studies including a larger population are needed, although it may be more accurate to classify neurological patients in the GSS3 category, thus separately classifying ominous staghorn calculus as the most hazardous category of PCNL.
Our overall complication rate was 14.3%, which was very similar to those in other studies in the literature [15, 21] . Bleeding was the most common complication, and the blood transfusion rate was 4.8%. The CROES study reported a transfusion rate of 5.7% [15] , which was close to ours. Despite the low complication rate with PCNL, the difficulty of the procedure should not be underestimated. In our centre, the endourological staff were trained and had vast experience. In low-volume centres, complication rates are probably higher. Training remains a very important issue, particularly with staghorn calculi, as complications associated with surgical inexperience can be substantial.
In our series, 62 patients had Clavien ≥III complications. Concerning these major complications, 17 patients (1.57%) had severe sepsis or septic shock requiring intensive care unit management. This was also the complication with the highest mortality, causing death in three patients (0.28%; two patients with GSS4 calculi, and one patient with GSS3 calculi). The fourth death in our series was attributed to severe haemorrhage and its repercussions (patient with GSS4 calculi). Thirteen patients (1.20%) had severe haemorrhages and were classified as having a major complication. Our major complication rate was similar to that reported in the literature. The CROES study reported septicaemia and renal haemorrhage in 0.9-4.7% and 0.6-1.4% of PCNLs, respectively. Another important cause of major complications was calculus migration (14 patients presented a Clavien III event attributable to calculus migration). A significant number of patients also presented the following major important complications: colon injury (six patients), thorax injury (eight patients), and pulmonary embolism (two patients).
Regarding the limitations of our study, the large difference between the number of cases performed in the supine and prone positions precluded an adequate analysis of the superiority of one technique over the other; however, the large number of PCNLs performed stratified by GSS and the fact that 100% of the patients were submitted to CT on postoperative day 1 render our study relevant.
The present study used the largest prospective database of patients treated with PCNL in Brazil to date and, to best of our knowledge, is also the largest study to validate GSS, based on pre-and postoperative CT. We also provide additional evidence that GSS is an excellent tool for evaluating renal stones preoperatively, predicting success and anticipating complications rates. The widespread use of GSS should therefore be encouraged and may be added to urological urolithiasis guidelines.
In conclusion, PCNL performed in a high-volume centre was a reliable surgical technique, with low morbidity, short length of hospital stay and good results. Surgical success and morbidity of PCNL are directly related to stone complexity as defined by GSS.
